Measurements are presented [1] of diffractive open charm production at HERA where two analysis techniques are used for the cross section measurements. In the first, the charm quark is tagged by the reconstruction of a D * ± (2010) meson. This technique is used in deep-inelastic scattering (DIS) and photoproduction (γp). In the second, a method based on the displacement of tracks from the primary vertex is used to measure the open charm contribution to the inclusive diffractive cross section in DIS. The measurements are compared with next-to-leading order QCD predictions based on diffractive parton density functions previously obtained from a QCD analysis of the inclusive diffractive cross section at H1.
Introduction
In quantum chromodynamics (QCD), the theory of strong interactions, the hard scattering collinear factorization theorem [2] predicts that the cross section for diffractive deep-inelastic ep scattering (DIS) factorizes into a set of universal diffractive parton density functions (DPDFs) of the proton and process-dependent hard scattering coefficients. Next-to-leading order (NLO) DPDFs have been determined by QCD fits to the measured cross sections of inclusive diffractive scattering at HERA [3] within the factorizable Pomeron model [4] and using the DGLAP evolution equations. The DPDFs have been found to be dominated by gluons, which carry ≈ 70 % of the momentum of the diffractive exchange.
In the collinear factorization approach diffractive open charm production at HERA is expected mainly to proceed via boson gluon fusion (BGF). Thus it is directly sensitive to the gluon content of the diffractive exchange, which is only determined indirectly and for low momentum fractions z I P of the gluon in inclusive diffractive scattering via scaling violations [3] . In the BGF process a charm quark anti-quark pair (cc) is produced of which one quark couples to the photon with virtuality Q 2 and the other to a gluon that emerges from the diffractive exchange.
In an alternative theoretical approach DPDFs are not introduced and diffractive scattering is explicitly modeled by the perturbative exchange of a colorless gluon state (two gluons or a gluon ladder). Formulated in the proton rest frame the "two-gluon" state of the proton can couple directly to the cc pair (γ * p → ccp) or to a ccg color dipole fluctuation of the photon (γ * p → ccgp) [5] . A model combining the perturbative two-gluon approach with the collinear factorization scheme, which has also been used to fit the HERA diffractive DIS cross sections, is given in [6] .
This article is based on the recent paper on diffractive open charm production from H1 appearing in [7] . Two methods to identify charm production are presented. In the first method the charm quark is tagged by the reconstruction of D * mesons. The measurement is performed in DIS and, due to the high selectivity of the trigger, extended to photoproduction (γp). The second method, which was used to measure the total inclusive charm and beauty cross sections in DIS [8, 9] , is used for the first time in diffractive DIS. In this method, referred to in the following as the 'displaced track analysis', the charm quark is identified by the reconstruction of tracks, which are displaced from the interaction vertex, that arise due to long lived charmed hadrons. This method is used in a kinematic region with high acceptance for the decay products of charmed hadrons within the silicon vertex detector of H1, which is used in the reconstruction of these tracks. With this method it is thus possible to measure the total open charm contribution to the diffractive cross section with small extrapolations from QCD calculations.
Results
Diffractive D * ± production in DIS is studied in the kinematic range of 2 < Q 2 < 100 GeV 2 , 0.05 < y < 0.7,
A good agreement between the data cross sections, integrated over the kinematic ranges given above, and the NLO QCD calculations is observed. The data are compared in the figure with the predictions of NLO QCD calculations based on two ( Fit A and Fit B) alternative sets of diffractive parton density functions from H1 [3] , which both provide a good description of the inclusive diffractive DIS data. The differences in the predictions for the two DPDFs are moderate, with z obs I P showing the greatest sensitivity. However, within the present experimental errors and theoretical uncertainties these differences cannot be resolved.
In γp the D * cross section is also shown differentially as a function of the diffractive kinematic variables x I P and z obs I P in Figure 2 . The data are well described by the theoretical predictions within the larger experimental errors for γp. As in DIS the largest sensitivity to the different parameterizations of the gluon is evident in the z obs I P distribution. The good agreement of the NLO QCD predictions with the measured cross sections observed in DIS and γp, both in shape and normalization, supports the assumption that QCD factorization is applicable in both kinematic regimes. A quantity, which is less sensitive to the input of diffractive parton density functions and theoretical uncertainties is defined by R An additional comparison of both the NLO QCD calculations and of the prediction from the perturbative two gluon calculation of BJKLW [5] with differential cross sections has been made in the range of validity of the model (x I P < 0.01). Good agreement between the data and both the model of BJLKW and the NLO QCD calculations is observed in this kinematic range. For the two gluon calculation the γ * p → ccgp contribution is seen to dominate with the γ * p → ccp process contributing only at high values of z The difference is due to the contribution from the longitudinal diffractive charm cross section, which is expected to be small for the data points presented. The measurements have also been presented in the form of the fractional contribution of charm to the total diffractive ep cross section f cc D . In the given kinematic range the value of f cc D is ≈ 20% on average, which is comparable to the charm fraction in the inclusive cross section at low values of Bjorken x for similar values of Q 2 [9] . The inclusive measurements have also been compared with the predictions of the MRW model [6] . A good description of the data is observed supporting the validity of the DPDFs extracted in this model.
Summary
Measurements have been presented of the diffractive charm cross section in DIS and γp using two independent methods of charm reconstruction. A comparison with QCD calculations in NLO based on DPDFs obtained from inclusive diffractive scattering at H1 is in good agreement with the measurement in both kinematic regimes. No evidence is observed for a suppression in γp. At low M X the data are found to be also well described by models based on two gluon exchange and diffractive parton densities.
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